A prospective survey involving 544 searches of the US National Marrow Donor Program (NMDP) Registry was conducted to identify reasons why many patients who have apparent HLA-matched donors do not proceed to transplant. Coordinators at NMDP transplant centers, patients and referring physicians were surveyed shortly after the initial search, and follow-up surveys were sent to the coordinators as the search was ongoing. The death of the patient, worsening of the patient's medical condition and length of the search process were the most commonly cited barriers to transplantation. Other times a decision was made not to transplant through the NMDP due to the use of a donor from another source, a preference for chemotherapy or immunotherapy, hesitancy on the part of the transplant physician or patient, or because the patient did not require a transplant. Responses differed between U.S. and international cases. An unrelated donor outside the NMDP was the most common reason cited by international coordinators (46%), whereas the death of the patient was the most common reason among US coordinators (13%). The death of the patient was the second most common reason cited by international coordinators at 9%. Financial problems were listed by 41% of US coordinators as a potential barrier at the time of initial search, but only 5% indicated this as an actual barrier on a follow-up survey. Finances were cited as the most important reason 3% of the time overall, and 6% for African Americans and Asian/Pacific Islanders. Bone Marrow Transplantation (2001) 27, 581-587. Keywords: barriers; survey; unrelated; registry; search The use of unrelated volunteer donors has become an accepted form of treatment for patients in need of a stem cell transplant who lack a suitably matched sibling donor.
in 1999, less than one-third of all patients who search the Registry eventually receive a transplant from an NMDP donor.
Historically, the lack of an HLA-matched sibling or unrelated volunteer has been perceived as the largest barrier to stem cell transplantation. Efforts have therefore focused on recruiting and HLA typing large numbers of volunteers to increase the likelihood of identifying a suitable donor. These efforts have, in large part, been very successful, resulting in a registry of over 4 million volunteer donors. This, in turn, has increased the percentage of patients with identified potential HLA-A, B, DR serologically matched volunteers on the initial search from 32% in 1990, to 85% in 1999.
Previous studies have addressed the likelihood of finding an HLA match and the attrition rates of volunteer unrelated donors. 8, 9 The low percentage of searches progressing to transplant through the NMDP, however, suggests that the lack of an available HLA-matched donor may not be the only factor. In this study we focus on other barriers to transplantation.
It is unclear how many patients find donors from other sources, choose alternative therapies or encounter barriers that prevent a transplant. To better understand the dynamics of the search for an unrelated donor through the NMDP Registry, a prospective survey was designed to define reasons why a transplant often does not occur.
To search the NMDP Registry, any physician may submit a patient's HLA-A, B, DR phenotype along with other background information such as diagnosis, age and sex. A computerized search is conducted, and results are made available within 24 h free of charge. Taking the search further requires that the patient be transferred to an approved NMDP transplant center located throughout the USA and the world. 10 Each NMDP transplant center has a coordinator on its staff who acts as an intermediary between the transplant physician/patient and the NMDP. The coordinator relays requests for further testing of potentially matched volunteers on behalf of the patient. If a volunteer is confirmed to be a suitable match for the patient, the coordinator can request that the selected volunteer undergo a detailed information session and a physical examination and then be asked to donate stem cells. More detailed descriptions of this search process are available elsewhere. 11, 12 We hope that identifying and quantifying barriers that prevent patients from receiving transplants from unrelated volunteer donors will help to better focus efforts at mitigating or eliminating these barriers where possible.
Materials and methods
To focus the study on non-HLA-related barriers, eligibility was restricted to cases with three or more HLA-A, B, DR matches identified on the initial search. Searches with only one or two matches in the NMDP database were excluded because of the increased possibility that the matched volunteer(s) would not be available to donate stem cells. Requiring more than three matches would have significantly reduced the pool of eligible patients, especially among minorities, who are less likely to find HLA matches. 8 To ensure that the matching requirement did not bias our sample towards Caucasians, enrolment was stratified by self-reported racial group. The study sample reflects the racial distribution of all searching patients. Race data are not always collected on patients outside the USA, so international cases were treated as a separate group. Breakdowns of the study sample are given in Table 1 . Eligibility was also restricted to patients who had not previously searched the NMDP Registry.
Five hundred and seventy-five (575) out of 1491 eligible patients searching the NMDP Registry between April and November 1997 were randomly enrolled into this study. During enrollment, three international registries that have reciprocal search agreements with the NMDP decided not to participate in this study. Twenty-five cases that had already been enrolled through these registries were dropped from the study. Also during enrolment, it was decided not to include searches outside the USA that were not affiliated with an NMDP transplant center. This decision was due to the difficulty in acquiring names and addresses of transplant candidates in foreign countries. Six such patients already enrolled were dropped. This left a total of 544 cases in the sample. The survey plan for this study is given in Figure 1 . Five different versions of a survey form were developed. Three versions of the survey were used immediately after the initial search: one was sent to the transplant center coordinator, another to the referring physician (if the initial search did not take place at an NMDP transplant center), and the third to the patient (or a parent). These three surveys asked essentially the same questions, but the wording was changed slightly depending on the intended respondent. For cases outside the USA, surveys were sent only to the coordinator, not the patient.
The initial survey also asked the respondent to speculate on possible reasons or barriers that might prevent the patient from receiving a transplant. A detailed list of between 32 and 36 (depending on who was being asked) possible reasons were given falling into seven broad categories: (1) No suitable donor; (2) treatment alternatives (including donor from another source); (3) patient's condition; (4) financial issues; (5) patient decision not to proceed; (6) physician decision not to proceed; (7) other.
The respondent was first asked to check all that applied and then to select the single most important reason/barrier that might prevent a transplant (if any).
The remaining two versions of the survey were designed for the transplant center coordinator to track the search as it was ongoing. The coordinator was periodically asked if he/she were still considering an NMDP donor for their patient. If the coordinator responded in the negative, he/she was asked to select the reason(s) from the same list given in the initial survey.
Additional questions varied slightly depending on whether or not volunteer donors had been requested for further testing. If so, the coordinator was asked about the results and status of that testing. This follow-up survey was sent every 60 days for up to 1 year until a transplant with an NMDP donor took place or the coordinator responded that they were no longer considering an NMDP donor for the patient.
Completed surveys were sent to the NMDP Coordinating Center in Minneapolis where they were keyed into a computer file. These data were hand-checked against the paper survey forms to ensure that they had been correctly entered into the database.
Statistical analysis
Responses were analyzed from the first survey at the time of the initial search and from the final survey at the time of search resolution. The search was considered resolved if a transplant with an NMDP donor occurred or the coordinator responded that they were no longer considering an NMDP donor. Searches not resolved within 1 year were classified as still active. Transplants occurring and surveys collected later than 1 year from the initial search were excluded from this analysis. The coordinators' predictions on the initial survey about the likelihood of an eventual transplant through the NMDP were compared to the actual results ( Figure 2 ). The coordinator's predicted likelihood was treated as an ordinal variable, coding 'very unlikely' as a one, 'unlikely' as a two, and so forth. Pearson's correlation coefficient was used to test association with actual search results.
The issue of non-response was handled by calculating percentages in two different ways. In Tables 2 and 3 the denominators include only the cases that answered the corresponding question, whereas in Table 4 the denominators include the non-responders who were listed in a separate category. Percentages in Table 3 may sum to greater than 100% because the respondent was asked to check as many items as applied. Table 4 includes results where the respondent was asked to select the most important reason preventing a transplant. If the respondent cited more than one as being the most important, each was counted as a fraction of a response. If the respondent failed to indicate which of the listed reasons was the most important, then each of the selected responses was given equal weight.
The potential reasons cited on the initial survey by coordinators vs patients were compared. This analysis was restricted to cases where both returned the form. The data were treated as paired samples and stratified by transplant center. Conditional on one of the respondents, but not the other, citing a particular reason, the hypothesis was tested that half of the time it was the patient. This hypothesis test was repeated for several categories and the P values were adjusted for multiple comparisons by the method of Bonferroni.
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Results
For the first survey sent out at the time of initial search, responses were received from 86% (419/490) of transplant center coordinators, 67% (36/54) of referring physicians and 35% (139/393) of patients. Referring physicians transferred 30 of the 54 cases (56%) to an NMDP transplant center. Follow-up surveys were therefore sent out for 520 (490 + 30) cases. At least one follow-up survey was received from the transplant center coordinator for 91% (475/520) of these patients.
Responses to the initial survey are listed in Table 2 . Nearly all (98%) of responding patients said that they were aware that a search of the NMDP Registry had been initiated on their behalf. The patient was believed to be a candidate for unrelated donor stem cell transplant by 72% of coordinators with an additional 4% indicating that they expected the patient to become a candidate. Percentages are somewhat smaller for referring physicians and patients, but the differences are not statistically significant.
Patients gave similar responses for their own and their physicians' opinions about whether they were a candidate (65% vs 69%). The majority of coordinators and referring physicians (90% and 89%, respectively) said that the patient had not received a prior stem cell transplant. Twothirds of coordinators indicated that the patient had been seen at the transplant center, and 60% of patients indicated that they had been referred to one. Interestingly, 12% of patients were not sure whether or not they had been referred to a transplant center.
Half of the referring physicians said they intended to transfer the patient to an NMDP transplant center. The majority of coordinators, referring physicians and patients (92%, 97% and 84%, respectively) believed that potentially matched donors had been identified on the initial search. The majority (88%, 94% and 80%, respectively) of respon- TCC = transplant center coordinator (n = 419); RP = referring physician (n = 36); Pat = patient (n = 139); N/A = not asked; * = "not sure" was not listed as a possible response for that question. Row counts do not always sum to the given n due to non-responses. Percents may not always sum exactly to 100% due to rounding.
Table 3
Most common reasons given for not transplanting with an NMDP donor. Respondents were asked to check more than one when applicable. Non-HLA barriers to unrelated donor transplant C Kollman et al 585 Table 4 Search results as of 1 year. dents also indicated that family members had been typed for the patient. When asked at the time of initial search to predict the likelihood of eventual transplant, just over half of the responding coordinators indicated 'likely' or 'very likely'. Figure 2 shows that actual transplantation with an NMDP donor is highly associated with the coordinators' predictions (P value Ͻ0.0001). However, these categories appear to be relative rather than absolute likelihoods. Even when the coordinator indicated 'very likely', an eventual transplant with an NMDP donor occurred less than half the time. It should be noted that the difference between 'very unlikely' (18% transplanted) and 'unlikely' (6% transplanted) is not statistically significant (P value = 0.26). Similar trends held for the referring physicians' and patients' predictions (data not shown). The total number of potential reasons checked on the initial survey was not predictive of eventual transplantation. 
Speculated potential reasons reported at initial Actual reasons reported at search termination search
USA coordinators (n = 393) Coordinators outside USA (n = 151)
Figure 2
Predicted vs actual transplant rates. Transplant center coordinators were asked to predict the likelihood of proceeding to transplant (with an NMDP donor) at the time of the initial search. Searches were significantly more likely to proceed to transplant when the coordinator predicted it was 'likely' or 'very likely' (P value Ͻ0.0001).
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Patients cited their physician most often (41%) when asked who had the most influence in deciding whether or not to transplant with an NMDP donor. Patients listed themselves second (25%), followed by transplant center staff (18%), family members (8%) and other (8%).
Reasons for not transplanting
The most common potential (initial survey) and actual (follow-up survey) reasons given for not transplanting with an NMDP donor are shown in Table 3 . The reasons most often cited by coordinators, referring physicians and patients at the time of initial search were that the search was performed just to explore options, the patient is stable and a transplant is not necessary at this time, and a preference for chemotherapy or immunotherapy.
Domestic and international coordinators differed in their responses. Awaiting insurance approval was the most commonly cited potential reason (32%) by coordinators in the USA, but a preference for an unrelated donor outside the NMDP (37%) was most often cited by international coordinators.
If the coordinator indicated on a follow-up survey that they were no longer considering an NMDP donor for the patient, they were asked to state the reason(s). The death of the patient was the most common response for USA cases (13%) and the second most common for international cases (9%). Consistent with their predictions at the initial search, international coordinators listed a preference for an unrelated donor outside the NMDP as the most common actual reason (46%) for stopping the search.
The coordinator was then asked to review the list of stated reasons and select one as being the most important in preventing a transplant through the NMDP. These results (Table 4) suggest that approximately one-quarter of searches run into a barrier other than the lack of an HLA-matched donor that prevents a transplant. One-fifth of USA searches and 4% of international searches appear to stop because of a decision that a transplant is not in the best interest of the patient. Cases outside the USA were more likely to cite the lack of a suitably matched donor (5% vs 1%; P value = 0.004).
Interestingly, 41% of USA coordinators listed at least one financial issue on the initial survey as a potential barrier, but only 5% listed one as an actual barrier on a followup survey, and only 3% listed a financial issue as the most important reason preventing a transplant. The latter percentage was somewhat higher for minority patients in the USA (6% for African Americans and Asian/Pacific Islanders), but the differences were not statistically significant with the available sample sizes. Only 3% of international coordinators listed finances as a potential barrier on the initial survey and only 1% cited finances as an actual barrier.
Comparison of patient and coordinator reasons
To compare the potential reasons indicated by the patient and the transplant center coordinator (when asked to check all that applied), the analysis was restricted to the 110 cases where both returned the initial survey. Among these cases, the patient was significantly more likely to list alternative treatment (41% vs 26%; P value = 0.05), patient/family decision (46% vs 6%; P value Ͻ 0.0001) and condition stable, transplant not necessary (37% vs 17%; P value Ͻ 0.0001) than the coordinator. The patient was significantly less likely than the coordinator to list financial issues (27% vs 45%; P value = 0.03) and physician decision (14% vs 29%; P value = 0.02).
Discussion
Due to the growth and diversification of the NMDP Registry, more patients are finding suitable HLA-matched donors and proceeding to transplant. However, the proportion of searches resulting in an NMDP transplant is still less than one in three. Previous research in barriers to stem cell transplantation has focused on the problems of finding an HLAmatched donor and the retention of unrelated volunteers. 8, 9 In this study, we address factors other than the lack of an available HLA-matched donor preventing a transplant once a search has been initiated.
Our findings indicate that approximately one-quarter of all searches that find an appropriate HLA-matched donor run into other barriers that prevent the transplant. Approximately one-fifth of USA searches, but only 4% of international searches result in a decision that a transplant is not in the best interest of the patient. The actual rates may be a little higher due to incomplete data from nonresponses and searches that were still active at the time of analysis.
The biggest problem appears to be the deterioration of the patient's medical condition before the NMDP can provide a donor for the transplant. There are two principal ways that large donor registries can approach this problem. First, physicians should be encouraged to submit a search as early as possible, even if the final decision whether to transplant has not yet been made. The median time from diagnosis to the initial search of the NMDP Registry was 6.9 months for the cases in this survey. Interestingly, this time did not vary significantly for cases that indicated the death of the patient or the length of the search process as barriers on the final survey.
Second, efforts must continue to maximize the speed and efficiency of the search process. The process involves multiple steps, including requests for further testing, donor education sessions and physical examinations. Each stage may take from several weeks to a month or longer depending on the availability of the donor and the speed of HLA typing. These steps are essential to ensure the safety of both the patient and donor, but the resulting delay appears to be a significant barrier to transplantation.
The NMDP has made encouraging progress in this area. The median time from when a volunteer was first requested for further testing until the transplant has decreased from 6.2 months in 1990 to 3.9 months in 1997. Additional improvements to speed up the search process may help get considerably more patients to transplant before it is too late.
One of the problems slowing this process might be difficulty in the interpretation of complex HLA search results and delays in getting typing results from local laboratories. The NMDP is currently pilot testing a project called 'UltraUrgent Searches' where the transplant center agrees to allow histocompatibility experts at the NMDP Coordinating Center decide which volunteer donor(s) to select for further HLA typing. The typing is performed at centralized laboratories under contract with the NMDP to turn around results quickly (within 5 working days). These results are relayed to the transplant center where the donor is chosen. The goal of this project is to have the confirmatory HLA typings completed and the donor selected within 30 days of the initial search. The donor information session and physical examination then proceed as in a regular NMDP search. This pilot is not yet complete, but preliminary results suggest that this timeline is feasible in some cases.
Financial issues were listed as an actual barrier by USA coordinators in only 5% of cases. This is considerably lower than the 41% listing finances as a potential barrier at the time of initial search. This might indicate that many potential problems with securing insurance coverage of the transplant and search costs are being addressed and solved. Another possibility, however, is that cases where finances are a problem are being prevented from searching the NMDP Registry in the first place. Perhaps the biggest limitation of this study is that we only considered patients who have had a search of the NMDP Registry initiated on their behalf.
The percentage of cases reporting finances as the most important reason preventing a transplant appeared higher for a minority of patients, but was never greater than 6% for any racial group. In fact, the only statistically significant difference between the races was the percentage getting to transplant (ranging from 34% for Caucasians to 13% for African Americans). Smaller numbers of minority patients identifying several potentially HLA-matched donors makes statistical comparisons of non-HLA-related barriers difficult.
The small percentage identifying the lack of a suitable donor (2%) is intentionally artificial due to the design of this study. Eligibility was restricted to cases identifying three or more potential matches so that this study could focus on non-HLA barriers. Overall, 15% of patients currently fail to identify potential HLA-A, B, DR serologic level matches on the initial search. This percentage varies by race due to different levels of HLA polymorphism in different human populations. 8 The actual percentage of patients without a suitably matched donor is probably somewhat higher than the 15% figure reported from initial search results for several reasons.
NMDP transplant centers typically employ stricter matching criteria than serologic level HLA-A, B, DR. Many centers require or prefer allele-level matching at DRB1, DQ, DP and/or C. [13] [14] [15] [16] Volunteers listed on the NMDP Registry are not always willing or able to proceed when requested by a patient. Finally, further testing sometimes reveals that a volunteer initially thought to be a suitable match really is not.
Despite the continued growth of the NMDP Registry, the lack of a suitably HLA-matched donor is still a barrier to transplantation for many patients. However, we may be approaching the point where other barriers such as deterioration of the patient's medical condition and the time required to provide a donor are equally important. These problems define the many challenges to be faced in the continuing efforts to make stem cell transplantation available to every patient who needs it.
